[1] Inlets provide a critical ecological link between restricted bays and estuaries to the coastal ocean. The net fluxes of water and suspended sediment are presented in this study. These fluxes are obtained based on data from a multidisciplinary, full tidal cycle survey across Barataria Pass in southern Louisiana on 31 July to 1 August 2008. The velocity profiles were obtained with an acoustic Doppler current profiler mounted on a small boat continuously crossing the inlet, which contains swift and turbulent tidal currents. Water samples were collected six times in a 24 h period at three discrete depths and three locations across the inlet. The observations delineated a clear eddy on the western side of the inlet which causes a low R 2 value of the tidal harmonic analysis on the edges of the inlet. The net flux of total suspended sediment out of the bay was determined to be 8800 t of which 20% was organic matter, demonstrating a significant source of organic matter to the base of the coastal ocean detrital food chain. The time evolution and net fluxes of water, and suspended sediments showed that the net flow resembles conventional estuarine circulation patterns with net outward flow on the surface and shallow ends of the inlet and with net inward flow in the center and at the bottom of the center of the inlet. The west side has a much larger outward flow than the east side while the east side is fresher. These differences suggest that the Louisiana Coastal Current from around the Bird's Foot Delta derived from the mixing of shelf water with the Mississippi River freshwater may have entered the bay. This must have been mostly from the east side during the survey, which resulted in a smaller outward flow on the eastern side. A numerical experiment further confirmed this assumption and the model was verified by field observations on 5 May 2010.
Introduction
[2] The flushing of an estuary or bay is caused by river discharge, tidal oscillation and wind. The flushing process normally results in the net transport of freshwater, sediment, and land-derived carbon into the coastal ocean. The quantification of the flushing process and the calculation of the transport of waterborne materials in bays and estuaries require the knowledge of both water velocity and concentration of the substance of interest. Although computer models can provide predictions of transports, they are usually limited by a lack of information about the sources and land side boundary conditions, which can be obtained by observations. Therefore, high-resolution measurements can be crucial in resolving transport. High-resolution measurements provide useful information for models for the purpose of verification and establishing boundary conditions. As most estuarine motions are dominated or at least influenced by tidal oscillations, such measurements must cover at least one tidal cycle or longer to resolve the tidal variations and determine net transport.
[3] In early studies, measurements of transport were accomplished by using single point current meters and discrete water sample analyses [e.g., Kjerfve, 1978; Kjerfve et al., 1981] . With the use of acoustic Doppler current profilers (ADCP), the measurements of water velocity can be automated at high sampling frequency (∼1 Hz) over the entire profile (a series of measurement points in the vertical or horizontal). An ADCP is a remote sensing device that measures velocity based on the Doppler frequency shifts of acoustic signals sent out by its 3-5 transducers [RD Instruments, 1996] . As a result, a bottom mounted or ship-mounted ADCP can often measure velocity profiles throughout the majority of the water column if the water depth is within the range of the measurements (dependent on the working frequency of the ADCP). The measurements of concentrations however are usually not through remote sensing devices and water samples have to be collected in situ. This presents a challenge when the water samples at different depths need to be collected and analyzed at various tidal phases in a swift and turbulent tidal current environment. Tides at Louisiana coast are mainly diurnal with a period of about one day [Kantha, 2005] . Therefore, to resolve the net flux, measurements have to be carried out to cover at least 24 h.
[4] More than 60 years ago, Marmer [1948] measured tidal currents in the passes of the Barataria Bay over a 24 day period. The amount of water going through Barataria Pass, Quatre Bayou Pass, Caminada Pass, and Pass Abel was estimated to be about 66%, 18%, 13%, and 3%, respectively, of the total. The net rate of transport was calculated to be 280 m 3 s −1 out of the bay system. In a more recent study, Swenson and Swarzenski [1995] from an upward looking ADCP deployed in Barataria Pass and concluded that 85% of the flow variability in the pass was tidally induced with equal contributions of the O 1 and K 1 constituents. Using an Empirical Orthogonal Function (EOF) analysis, Snedden [2006] showed that a barotropic mode explained ∼90% of the total variance and a vertically sheared flow (outflows at surface opposed by inflows at the bottom), or the baroclinic mode, explained ∼8% of the total variance. The baroclinic mode exhibited a strong coupling with diurnal tidal current amplitudes at the fortnightly time scales, with the greatest velocity shear occurring during neap tides when the tidal current amplitude is at its minimum. This indicates that the flow has a significant baroclinic component [Nunes and Lennon, 1987; Nunes Vaz et al., 1989; Linden and Simpson, 1988; Li et al., 1998 ]. In a study by Inoue and Wiseman [2000] , a numerical model was applied to the Terrebonne and Timbalier Basin, west of the Barataria Bay. The tidal currents were demonstrated to be important, in addition to wind driven flows and a flushing time of 27 days was estimated from that study. Inoue et al. [2008] applied a two-dimensional model with salinity effect included for the Barataria Bay system and found that it took about 15 days for the freshwater diverted from the Mississippi River at Davis Pond Diversion facility to reach the mouth.
[5] Despite the extended studies, an accurate quantification of the tidal variations and net fluxes of water and suspended sediments have seldom been undertaken. This is especially true in the Louisiana coastal area where many important issues related to fisheries, wetland loss and water quality require more detailed understanding of the transport process through tidal passes. One of the most important issues is the fate of the nutrient flux from the Mississippi River derived from the large area of upstream agricultural activities and the impact to the coastal hypoxia [e.g., Rabalais and Turner, 2001; Rabalais et al., 2007a Rabalais et al., , 2007b Justic et al., 2007] . The interest to this issue has prompted several modeling studies on the inner shelf [Wang and Justic, 2009] and in the estuaries [Inoue and Wiseman, 2000; Inoue et al., 2008; Park, 2002] and it is critical to develop a better understanding on the connection between these two areas.
[6] The objective of this study is to quantify the tidal flushing process and tide-induced transport of water and suspended sediments by observations through a complete tidal cycle at a major tidal inlet connecting the Barataria Bay and the Louisiana continental shelf. Barataria Bay is adjacent to the largest river of the North America [Benke and Cushing, 2005] , the Mississippi River. It is north of the world's second largest hypoxia region and a place with the largest wetland and disproportional rate of wetland loss (implication of sedimentation-erosion imbalance). It is one of the only two bays separating two deltas with contrasting characteristics: the Mississippi River Delta, which is experiencing severe land loss, and the Wax Lake Delta at the Atchafalaya Bay area, which is growing with greater sedimentation than erosion [Roberts et al., 1980 [Roberts et al., , 1997 . This area is more complicated than a classical estuary because the Mississippi River Delta provides a significant amount of freshwater discharge onto the shelf region. The main outlet of the freshwater at the Bird's Foot Delta is the Southwest Pass (Figure 1) , which is about 65 km from the Barataria Pass. This is one of the major outlets of the river and it carries about 67% of the total discharge of the Mississippi River, according to our own high-resolution measurements made on 5 May 2010. Our study at Barataria Pass is based on 24 h continuous observations of hydrodynamics and water sampling, complimented by numerical model experiments of Mississippi River plumes and Louisiana Coastal Currents, which is presented in section 5 for further interpretation of the observations.
Study Site and Observations
[7] Located in the southeast Louisiana, south of the city of New Orleans, Barataria Bay (Figure 1) is an irregularly shaped shallow estuary with a horizontal dimension of about 50x50 km. It is bounded by the past and present Mississippi River ridges. The bay has several tidal inlets connecting with the coastal ocean of Louisiana Bight. Barataria Pass is one of these inlets between the Grand Isle and Grand Terre Island with a width of about 600 m. This is one of the main outlets of freshwater from the Barataria Basin. The main freshwater source of Barataria Bay is the Mississippi River water through the man-made Davis Pond Diversion facility, which has a capacity of about 250 m 3 /s. The bay has an average depth of about 2 m. The main inlet (Barataria Pass) has a depth of slightly greater than 20 m. Inside the inlet there is a circular shaped depression of close to 50 m deep, according to our own observations using acoustic transducers.
[8] Beginning from the morning of 31 July and continuing to the morning of 1 August 2008 we conducted a 24 h continuous survey at the Barataria Pass aimed at determining the transport of water, suspended sediment, and nutrients. The observations were described by . The focus of was the intratidal variation of stratification due to tidal straining across the tidal inlet, which was an unexpected finding from the survey. In this paper, we focus on the original goal of the survey, the net transport of water and sediments. The transport of nutrient requires some detailed discussion of the biological and chemical processes and therefore will not be presented here.
[9] The observations and collections were done between 0630 LT on 31 July and 0610 LT on 1 August 2008. Tide in this area is microtidal. The maximum tidal range is only about 0.6 m. The dates of observations were selected to be at the spring tide, with close to the maximum tidal range (Figure 2a) . Most of the variability of water level in this area is due to wind in winter time when cold front frequently occurs at 3-7 day intervals. In summer time, however, tidal oscillation usually dominates the water level variation. The wind during the survey was weak, averaged at less than 3 m/s (Figure 2b ). This is a typical summer wind, except that localized short-term thunderstorms may have a significant increase in wind on a time scale of 1-2 h. A thunderstorm only occurred right after our survey on 1 August 2008. We used a 26 ft catamaran for the velocity measurements and water sampling. The boat was equipped with a Teledyne RD Instruments 600 kHz acoustic Doppler current profiler (ADCP), a Seabird Electronics thermosalinograph (SBE 45), and a Garmin GPS. A Seabird Electronics conductivitytemperature-depth sensor (CTD, SBE 19plus) integrated with a dissolved oxygen (DO) sensor (SBE 43), was also used for vertical profiles of water properties. The vertical profiles of the three dimensional velocity components (u, v, w) The nine sets of CTD casts were made almost evenly spread within the 24 h time period (Table 1 ) -each set includes a cast at each of the three stations except in the beginning when there was an extra cast at station S1 (Table 1) .
Data Processing and Analysis

ADCP Data Analysis
[10] The ADCP data gave instantaneous profiles of velocity vectors at 2 Hz frequency at 0.5 m vertical intervals, excluding the near surface blanking distance (∼1 m) below the depth of the ADCP transducers (∼0.4 m below the surface). Since the boat occupied the transect line repeatedly at an average speed of less than 5 knots (2.5 m/s) over the [11] The ADCP data were first calibrated for misalignment and scaling as a standard procedure [e.g., Joyce, 1989] . We then rotated the coordinate system counterclockwise by 52.7°to have the along-channel and cross-channel velocity components. Only the along-channel velocity component is relevant to the transport in and out of the bay. A positive along-channel velocity (or transport) is defined to be toward the inside of the bay. The velocity vectors in the water column were then linearly interpolated in the interior and linearly extrapolated to the bottom and surface to obtain values at fixed vertical levels for ease of further analysis. Using nearest point value to replace linear extrapolation resulted in essentially the same result. For harmonic analysis of the tidal and subtidal constituents of the velocity, we divided the transect line into 29 segments and limited our selection of data points within 45 m upstream and 45 m downstream from the transect line . We then regrouped all data points into these 29 locations. Each location now has a time series of data points for all the vertical levels. We then applied a harmonic-statistic analysis [Li et al., 2000; Li, 2002] to the along-channel velocity component. The only tidal constituents that we can reasonably include are diurnal and semidiurnal tides. Because of the short time series, we cannot distinguish among different species of diurnal or semidiurnal tides so we use T = 24 h for the diurnal group and T = 12 h for the semidiurnal group in the harmonic analysis.
Determination of Total Suspended Solids
[12] Water samples were collected six times during the 24 h observation period. At each time period, 1 L samples at three depths from each of the three stations: subsurface (1 m below surface), middepth, and 1 m above bottom were collected. The end of a 50 m long 0.01 m diameter polyethylene tubing was attached to the CTD proximal to the salinity sensor. By controlling the depth of the CTD, water samples from the three levels were collected by peristaltic pump at each station. The water samples were placed on ice and transported back to the lab where a measured volume of water was filtered through preashed glass fiber filters, dried at 105°C, and weighed to determine the total suspended solids (TSS). The filters were then ashed in a muffle furnace at 550°C for 4 h. The difference in weight between the pre and post burn indicate the amount of organic matter which was volatilized. This technique is widely used in wetlands, lakes, estuaries, bays, coastal waters, and wastewater treatment facilities [e.g., White et al., 2009b; Goñi et al., 2009; Makarewicz et al., 2009; Kayhanian et al., 2008; Uthicke and Nobes, 2008; Nahlik and Mitsch, 2008] .
Transport Calculations
[13] To calculate the total transport of water and suspended sediment, we partitioned the vertical cross section into three smaller vertical sections centered at the three CTD stations each with 170 m in width. Each of these three subsections was then dived into three cells. With three water samples at each station, we have thus defined nine cells as shown in Figure 3a . By doing this we can obtain more accurate transport values using the areas as weight. The areas centered at S11, S12, and S13 are 250, 270, and 510 m 2 , respectively. The areas centered at S21, S22, and S23 are 920, 1190, and 850 m 2 , respectively. The areas centered at S31, S32, and S33 are 770, 840, and 850 m 2 , respectively (Figure 3a) .
[14] The time series data of the concentrations have irregular time intervals (Table 1) . We interpolated the time series of concentrations onto equally spaced (hourly) data using Spline Functions and allowing extrapolation at the end point before calculating the total transport. The use of six samples over a tidal cycle is limited. But the sampling of six times still stretched to the limit that we could do given space and time. The interpolation aids in making the calculation of transport easier but the error is not easy to quantify as we have no reference to compare. Unless we do a much higherresolution experiment, we cannot estimate the error. However, the interpolated data do seem to be quite consistent and therefore should provide a reasonable representation. The transport of TSS at each of the hourly time instances was done by the multiplication of TSS concentration, area of the cell of consideration, and the averaged along-channel velocity within the cell at the time of observations. We used the observed velocity values for the calculations, not those from the harmonic fit. The total transport at given time was then obtained by adding the transport for each of the nine cells.
Observational Results
Velocity Field
[15] Figure 3a shows the vertical profiles of the color filled contours of amplitude of the diurnal along-channel tidal velocity. Shown in Figure 3a are also three locations of the CTD casts and nine vertical locations of water samples. It can be seen that velocity magnitude is highest in the center of the channel where it has the deepest water which has a maximum of 1.3 m/s. The near bottom velocity magnitude is smaller than that near the surface due to bottom friction. This is a typical result for frictional tidal currents in channels as shown by observations [Li et al., 1998 [Li et al., , 2004 , 2-D models [Li and Valle-Levinson, 1999] , and 3-D models [Li, 2001] . The semidiurnal tidal constituent is very small and cannot be discerned from the noise and errors. This is because the area is dominated by diurnal tides. Therefore, the semidiurnal tidal component is insignificant and not meaningful for further discussion in this case.
[16] Figure 3b shows the mean (subtidal) along-channel velocity. Positive values are defined to be into the bay. There are a few characteristics need to be noted. First, the majority of the flow is going outward with the maximum reaching ∼0.5 m/s on the western end of the transect. Second, there is a weak inward flux concentrated at the bottom of the deep water. The maximum inward net velocity at bottom is about 0.05 m/s, an order of magnitude smaller than the outward flows which are mostly concentrated on the surface and on the two sides with shallower waters. This is a typical estuarine circulation across a triangular shaped cross section as shown by models and observations [e.g., Wong, 1994] . This type of exchange flow is also the same as tidally induced flow in a short channel with standing tidal wave characteristics [Li and O'Donnell, 2005] . The relatively weak net outward flow on the eastern end of the inlet coincides with the relatively lower salinity on that end , suggesting a possible source of low-salinity water from outside of the bay that came in more from the eastern end, reducing the outward flow more on the east. This is a new feature that the conventional estuarine circulation does not usually consider, to which we will discuss more with a numerical model experiment in the following.
[17] To assess the quality of the representation of tidal harmonic components and a mean flow, the R 2 values of the harmonic fit are calculated as shown in Figure 3c . It is apparent that most of the positions have R 2 values very close to 1. However, the R 2 values tend to decrease toward shallower waters on both sides of the transect. This is very clear on the western end where the R 2 values are less than 0.3. Similarly, the standard error of the data from the harmonic fit shown in Figure 3d has relatively small values in the channel than on the sides of the inlet where the standard error can reach ∼0.3 m/s. This is caused by nonharmonic and nontidal variations of transient local eddies near the barrier islands particularly on the west end of the transect that we observed during the survey. As observed in Vermilion Bay by , small eddies on the order of a few hundred meters in diameter in tidal inlets with complex bathymetry and topography can form. Figure 4 shows some examples of such eddies on the western end of the transect. The dash-dotted line of Figure 4 shows the northeast-southwest oriented transect. The eddy was rotating counterclockwise, in contrast to the eddy observed by with clockwise rotation. What is shown in Figures 4a and 4b are actually the same eddy measured twice in about 10 min and this eddy lasted for at least 2 h. It can be seen that the diameter is more than 100 m and is evolving over time. The transient nature of the eddy apparently causes the low R 2 values in the harmonic analysis. This eddy is apparently associated with the barrier island and bathymetry and is thus a headland eddy. Its position and sense of rotation changed when tidal current reversed. We omit more detailed discussion of the eddy. This also indicates that transports through tidal inlets is strongly influenced by the eddy and we need to have a time series of velocity to accurately calculate the total flux (integrated across the transect) and net flux (mean total flux).
Time Series of TSS Concentrations
[18] Figure 5 shows the time series of TSS concentrations at the three stations and three vertical levels. Obviously, during this observational period the TSS concentration shows different temporal variations at each station and each level. At the northeast end of the transect (station S1), the bottom TSS was high (>400 mg/L) in the beginning of the survey when it was flooding (Figure 6a ), but it subsequently dropped quickly and never rebounded substantially ( Figure 5a ). As anticipated, the bottom TSS was always larger than that at the middepth; while the near surface concentration was the smallest.
[19] This relatively large input of TSS from the northeast end of the transect during flood from outside of the bay is consistent with the observed fresher water on the northeast end in the beginning of the survey [Li et al., 2009, Figure 6] . This is also supported by a larger stratification on the northeast end in the beginning of the survey . It was speculated by that a coastal current from the outside of the bay influenced by the freshwater from the Southwest Pass of the Mississippi River Delta might have come through either the Louisiana Coastal Current or a recirculation of an anticyclonic gyre as observed by remote sensing [Rouse and Coleman, 1976; Walker et al., 2005] and in situ observations [Murray, 1998] .
[20] In contrast, the southwest end of the transect started with low TSS concentrations at all depth. This is also consistent with the observations of an eddy rotating counterclockwise which had an outward flow on the southwest end. This counter current (during flood tide) was against the incoming shelf water. The TSS concentration at the southwest end remained high (Figure 5c ) for the rest of the time period. The middle station S2 had a relatively low TSS concentration most of the time except during peak ebb when the values increased (Figure 5b) . The difference in TSS concentration between the northeast and southwest ends is anticipated as the stratification across the transect had an out-of-phase oscillation as discussed in detail by .
[21] The rate of integrated transport of water is more regular and has a sinusoidal pattern (Figure 6a ). The total rate of transport during peak flood is more than 6000 m 3 /s and close to 8000 m 3 /s during peak ebb; thus a net outward flux. The northeast 1/3 of the section has the smallest magnitude and the central 1/3 of the transect has the largest magnitude because of the shallow water on the northeast end and deep water in the center of the channel (Figure 3) . The rate of transport of water through the southwestern 1/3 of the section is between those of the other two 1/3 sections.
[22] The rate of transport of TSS is less regular and demonstrates some nonsinusoidal variations (Figure 6b ) compared to that of water (Figure 6a ). The west, east, and central sections are not in phase for TSS transport. During the peak flood the maximum inward TSS flux is 800 kg/s while the maximum outward TSS flux is 900 kg/s. The southwest 1/3 of the section appears to have a disproportionally larger TSS flux compared to the central 1/3. Within the TSS, a large fraction is inorganic (Figure 6c) . The west and east/central are not in phase.
[23] The TSS is composed of ∼81% of inorganic material with the remaining composed of organic material. Consequently, there is a much larger flux of inorganic material out of the bay (Figure 6c ) compared to organic matter ( Figure 6d ) and this is consistent with the organic matter content of the Louisiana shelf sediments [White et al., 2009a] . 
Net Transport
[24] The net water flux is calculated to be 27 million t within the 24 h period ( Table 2 ). The averaged outward rate of flux is thus about 380 m 3 /s (Table 2) . Considering the total volume of the Barataria Bay of 633 million m 3 [Feng and Li, 2010] , the flushing time would be about 19 days. If we assume that the flux going through Barataria Pass accounts for 66% of the total [Marmer, 1948] , then flushing time should be modified to about 13 days. Considering the change of bathymetry (dredging in Barataria Pass), the flushing time of the bay should be between 19 and 13 days. Comparing with the model estimate of 15 days [Inoue et al., 2008] , this result appears to be reasonable. The net transport of TSS was ∼8.8 thousand t during the 24 h period, of which ∼7.16 thousand t were from inorganic suspended solids. There was a net flux of 1.64 thousand t of particulate organic matter transported from the semienclosed bay to the coastal ocean. Upon inspection under compound microscope, much of this material was detrital material derived from the coastal marshes that line the bay. These findings however are for normal weather conditions in the summer. In winter times, the flushing rate can be significantly higher and half of the bay can be emptied within a day or two [Feng and Li, 2010] . The winter time flushing rate is apparently similar for the major Louisiana bays: Barataria Bay, Atchafalaya Bay, Vermilion Bay, Timalier Bay, and Terrebonne Bay [Feng and Li, 2010] . Our study for the summer condition so far is limited to Barataria Bay only.
Discussion
Discussion of the Observations
[25] The observations have shown a few interesting features of the fluxes of water and suspended sediments. One of these features is the difference between the first flood period (time <5 h) and the second flood period during the survey (time >17 h). The relatively stronger influx of suspended sediment on the eastern end during the first few hours of the survey was coincident with the relatively fresher water and a strong stratification on the eastern end at that time [see Li et al., 2009, Figures 5a and 6] . This influx of relatively fresher water on the eastern end was not repeated during the second flood period, indicating that it was just a transient process influenced by the tide and shelf circulation which may have entrained some of the freshwater from the Mississippi River mouth into the coastal water. This is an assumption that led to the numerical experiments (see below).
[26] Another feature is the difference between the western and eastern ends. This is consistent with the results of , in which it is concluded that there was a much larger uncertainty over the banks, suggesting a stronger nonlinearity near the edges of the barrier islands on both sides of the channel. It was also found in the earlier study that there was a lateral variation and inversion of the Average Potential Energy Demand (APED) which was a result of differential tidal straining across the tidal channel . This lateral asymmetry is in contrast to the temporal asymmetry that has been most studied [e.g., Simpson et al., 1990 Simpson et al., , 2005 Rippeth et al., 2001; Geyer et al., 2000; Chant and Stoner, 2001; Stacey and Ralston, 2005; Ralston and Stacey, 2007; Li and Zhong, 2009] . Related to that finding is the nonuniform distribution of the surface salinity which had a larger mean value on the western end than much of the eastern end, contrary to the expected situation in an estuary where a larger mean surface salinity is produced on the eastern (opposite) end due to Coriolis force. In the beginning of the survey, the eastern side had more than twice as large of the APED as that of the western side; while toward the end of the survey (close to the second maximum flood), the western side had an APED more than 6 times of that of the eastern side. suggested that this lateral difference in APED indicated that there must be other factors influencing the stratification and altering the tidal straining. An example is a relatively fresher water plume entering the bay. This relatively fresher water (compared to the average shelf water in the area) may come from the river plume of the Southwest Pass of Mississippi River Bird's Foot Delta. This hypothesis was tested next with our numerical experiments.
[27] The observations also demonstrate eddies near both ends especially the western end. These eddies are results of nonlinearity and they impact the net transport. However, due to the small scale (100-150 m in diameter), the precise impact to the transport cannot be easily quantified, we only have three stations for water samples across the 530 m transect. Adding more water sample stations may not be practical because of the strong currents during much of the tidal period, busy boat traffic, and overnight operations. Nevertheless, the velocity profiles were continuously measured, with a spatial resolution of about 18 m for the processed data (29 segments within 530 m). [28] To verify our hypothesis that Mississippi River water can enter into the Barataria Bay and to demonstrate the local small-scale transient eddies, we have conducted some process oriented numerical experiments, which are discussed below.
Numerical Model Experiments
[29] In the process oriented numerical model experiments, we applied the Finite Volume Coastal Ocean Model (FVCOM) [Chen et al., 2003 ] to the entire Gulf of Mexico with a particular focus on the northern coastal area. FVCOM has been applied to this area in several studies for storm surge [e.g., Rego and Li, 2010a , 2010b , tidally induced eddies in curved channels [Li et al., 2008] , and factors influencing the seasonal hypoxia [Wang and Justic, 2009] .
[30] In the present work, we implemented the FVCOM to the entire Gulf of Mexico with a focus on the study area of the northern coast with a fine spatial resolution (the finest grid size is ∼20 m) and the model domain covers all the bays and estuaries and major waterways along the Louisiana coast. As shown in Figure 7 , the Barataria Bay is covered with high-resolution triangular grids. Freshwater discharges from 12 rivers were included in the numerical simulation aimed at the resolution of the Mississippi River plume and associated Louisiana Coastal Current. The model has two open boundaries as shown in Figure 7 : the Strait of Florida and the Yucatan Channel. Tide from an FVCOM global ocean model of the University of Massachusetts at Dartmouth was used for the open boundary conditions. Tidegenerating potential was also applied in the Gulf of Mexico for forced tides. The model includes 264,228 triangular elements and 161,307 nodes. A semi-implicit version of FVCOM is used with a time step of 4 s. An 11-level sigma coordinate was used for the vertical. The model was run for an averaged spring condition with 12 rivers, aimed at a study on the process and the examination of the coastal current resulted from the Mississippi River and possible intrusion of the low-salinity water into the Barataria Bay. Figure 8 shows a snap shot of the surface current velocity vectors which indicates the circulation around the Bird's Foot Delta and Louisiana Bight as well as the coastal current along the coast outside of the Barataria Bay (roughly east to west). The surface salinity distribution is shown in Figure 9 which clearly demonstrates a relatively low-salinity coastal water entering the Barataria Bay. To further verify the model results we conducted a vessel-based survey on 5 May 2010 using an ADCP mounted on a 26 ft catamaran. During this 
Summary
[31] In this study, a 24 h continuous survey of hydrodynamics and water sampling have allowed us to calculate the intratidal variations of fluxes and net transport of water and suspended sediments through the Barataria Pass, the major tidal inlet of the Barataria Bay. The tidal velocity amplitude shows a stronger magnitude on the surface in the center of the channel which decreases toward the banks, a condition of frictional tide. The flow field is observed to have transient eddies at the edges of the barrier islands, which causes low R 2 values of the harmonic fit at the edges of the inlet. The net outward flow is through the surface and both sides of the inlet, with a maximum reaching 0.5 m/s. Only a small magnitude (0.05 m/s) of net inward flow occurs near the bottom in deep water. This distribution of net flow field is typical in an estuary with a triangular cross section [Wong, 1994] . This is also a pattern consistent with tidally induced exchange flow in a short estuary with a triangular cross section [Li and O'Donnell, 2005] , even though the tidally induced flow is from an entirely different mechanism in a barotropic environment. The west side however shows a much larger outward flow than the east side. This is coincident with a fresher east side, which suggests that the Louisiana Coastal Current around the Birdfoot delta derived from the mixing of shelf water with the Mississippi River freshwater may have entered the Bay, mostly from the east side during the survey, which results in a smaller outward flow on the eastern side.
[32] The net flux of water is calculated to be 380 m 3 /s with a total of 27 million t in weight in 24 h period which results in an estimate of the flushing time for the Barataria Bay to be 13-19 days. The total flux of suspended solid is Figure 8 . A typical surface current pattern from the numerical experiments. estimated to be ∼9000 t, of which 80% was inorganic suspended sediment. A process-oriented numerical model simulation using a high-resolution Finite Volume Coastal Ocean Model (FVCOM) shows that relatively fresh water can intrude into Barataria Bay through the inlets as a result of the expansion of the Mississippi River plume and Louisiana Coastal Current, supporting the hypothesis that river water may come from outside of the bay, further confirming our finding of an abnormal stratification variation across the inlet in a earlier publication on asymmetry of tidal straining . The model is verified by field observations on 5 May 2010.
[33] The physical processes that affect the magnitude of velocity, vertical mixing and stratification, and bottom turbulence, also affect the suspended sediment transport. The study presented here is for typical summer conditions in which wind is weak and stratification more pronounced as the weak vertical mixing due to lack of wind stirring coincides with strong surface heating. As mentioned earlier, Bataratia Bay water interacts with the Louisiana shelf water, which is in turn influenced by the Mississippi River water. Outside of the Bay is the world second largest hypoxia zone, occurring in the summer, second only to that in the Baltic Sea. Southern Louisiana is also well known for its rapid rate of land loss. With 30% of the coastal marsh area, Louisiana accounts for 90% of its loss [Dahl, 2000] . All these highlight the importance of the flushing of the bays and the suspended sediment transport between Louisiana bays and the Louisiana shelf. The flushing of the Louisiana bays in the winter is largely controlled by cold fronts formed by large-scale weather systems that occur at 3-7 day intervals [Roberts et al., 1989; Walker and Hammack, 2000; Feng and Li, 2010; Li et al., 2011] . This study provides the most detailed sample over a 24 h period for this system, quantifying the rate of flushing (or residence time) and the net transport of water and sediments. The data will be useful for model validation for studying the flushing process of the Louisiana bays. In addition, the finding of this study about the intrusion of Mississippi River water into the bay through the eastern side of the channel implies more complex Figure 9 . A typical surface distribution of salinity. interaction between the bay and shelf waters. Obviously, the details of the dynamics of this interaction are yet to be fully explored. Our study provides more motivation for further studies and more questions than answers.
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